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GROUND-WATER RESOURCES, 
ALLEGHENY RIVER BASIN AND PART OF THE 
LAKE ERIE BASIN, NEW YORK 


By 


Michael H. Frimpter 


ABSTRACT 


Large supplies of ground water are available from Pleistocene sand 
and gravel aquifers in the valleys of the Allegheny River basin in parts 
of Allegany, Cattaraugus, and Chautauqua Counties in southwestern New York. 
The potential yield of the largest of these aquifers is estimated to be 
more than 220 mgd (mill ion gallons per day). This water-table aquifer ex- 
tends up the Allegheny River valley from the Allegheny Reservoir into Penn- 
sylvania and has an average thickness of about 80 feet. Potential yields 
of smaller aquifers along Great Valley, Little Valley, Fivemile, Ischua, 
0lean, Dodge, and Little Genesee Creeks are estimated to range from 4 to 
30 mgd. A sand and gravel outwash deposit in the valley of Cold Spring 
Creek near Steamburg could possibly yield more than SO mgd by induced 
recharge from the nearby Allegheny Reservoir. 


Chautauqua Lake, Cassadaga Creek, and Conewango Creek valleys contain 
unconsol idated artesian aquifers of small volume and recharge. These aqui- 
fers have lower potential yields than the water-table aquifers. Moraines 
at the heads of the valleys contain some ground water, but yields are not 
predictable because of the heterogeneity of the deposits. The valleys of 
Brokenstrawand French Creeks also contain some small water-table aquifers. 


Bedrock is a reliable aquifer for rural-home and farm-water supplies, 
except on the Lake Erie Plain where ground water is usually salty at depths 
greater than SO feet. Major aquifers usually contain water whose chemical 
qual ity is suitable for publ ic water supplies. 
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INTRODUCTION 


Abundant ground-water resources in the New York part of the Allegheny 
River basin are an asset to the development of southwestern New York. Much 
of the water used for municipal, industrial, and private suppl ies in this 
basin is obtained from wells and springs. The adjacent Lake Erie drainage 
basin in Chautauqua County is not as well endowed with ground water, and 
nearly all municipal and industrial suppl ies in this area depend on artifi- 
cial surface-water reservoirs or on Lake Erie. 


In the past, development of the area was concentrated in the major val- 
leys where the land is most suitable for cultivation and construction and 
where ground water is most plentiful. Today cities and villages are expand- 
ing within the valley areas, and some are beginning to expand beyond the 
limits of the valleys. Suburbanization is occurring near some of the larger 
industrial centers such as Dunkirk, Jamestown, and 0lean. Distribution and 
quality of the water will influence future population movement and indus- 
trial development in the area. 
Irregular distribution of ground-water availabil ity in the study area 
is an important feature of the resource. Nearly all the ground water avail- 
able in quantities sufficient to sustain municipal and industrial water sup- 
pI ies is in the major valleys of the Allegheny River basin. In upland areas, 
only moderate to meager suppl ies of ground water are available for supply to 
individual homes or farms. 


Problems with water qual ity are superimposed on the problem of geograph- 
ical distribution of the water. Much of the small amount of available ground 
water underlying the Lake Erie Plain is too salty for most purposes. In this 
area, ground water from depths greater than about 50 feet is too salty for 
domestic use. This saltiness is due to connate water (water entrapped in the 
rock forming sediments when they were deposited in an ancient sea). Concen- 
trations of iron and manganese in water from some aquifers is sufficiently 
high to require treatment before domestic use. Man's pollution of ground 
water with organic wastes and chemicals has also reduced the availability of 
good-qual ity water. Oil-field brine is a pollutant of ground water in and 
near active oil fields in the Allegheny River basin. Some of the aquifers 
with the largest potential yields in southwestern New York are particularly 
susceptible to pollution. 
Water levels are decl ining in some aquifers because pumpage from them 
exceeds recharge. Decl ining water levels in the Jamestown aquifer caused 
concern about the adequacy of the Jamestown water supply. This concern led 
the city of Jamestown into a cooperative agreement with the U.S. Geological 
Survey to study the ground-water resources of the Jamestown area (Crain, 
1966). 


Purpos
 and Scop 
 
The purpose of this report is to describe and evaluate geologic and 
hydrologic conditions control 1 ing the ground-water resources of southwestern 
New York State as a guide for regional planning and management of the area's 
water resources. Specific attention was given to the determination of pos- 
sible perennial yields of ground water from the major aquifers. Distribution 
of the aquifers, their estimated perennial yields, and estimated yields of 
wells tapping them are shown on maps; geohydrology of the major aquifers is 
described and illustrated. 
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The area studied includes the parts of Allegany, Cattaraugus, and 
Chautauqua Counties in the Allegheny River drainage basin and the part of 
the Lake Erie drainage within Chautauqua County, exclusive of Cattaraugus 
Creek basin (fig. 1). This area includes 2,200 square miles bounded by 
Cattaraugus and Genesee basins on the north and east, by Lake Erie on the 
northwest, and by the Commonwealth of Pennsylvania on the west and south. 
Major centers of population in the area are Dunkirk, Jamestown, 0lean, and 
Salamanca. 


Most of the area 1 ies within the Appalachian Plateau physiographic 
province, except for a narrow 2- to 5-mile wide belt along the Lake Erie 
shore and in the Great Lake section of the Central Lowland east of the 
Mississippi physiographic province (Fenneman, 1938, pl. IV). 


Hydrologic Data 
Geologic mapping and collection of hydrologic information were done in 
1967. Records of 452 wells and 5 springs are included in tables 4 and 5, 
respectively. Lithologic logs from 176 selected wells and test borings are 
shown in table 6, and chemical analyses of 73 representative samples of 
ground water are given in table 7. 
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Numbering and Location System 


Well, spring, and test-hole basic data used in the preparation of this 
report are identified by latitude, longitude, and a sequential number or let- 
ter. These identification numbers allow location of the well, spring. or 
test hole to within I-second accuracy (about 100 feet in the study area) on 
U.S. Geological Survey 1 :24,000 scale topographic maps (fig. 2). Further 
identification within a 1-second quadrangle is by a sequential number for 
wells and springs or a sequential letter for test holes. Identification num- 
ber 420004N0781647.1, for example, locates well sequential number 1 in a 1- 
second quadrangle between latitudes 42°00'04" N. and 42°00'05" N. and between 
longitudes 78°16'47" W. and 78°16'48" W. 


Previous Investigations 


A report on the ground-water resources in the area around Jamestown 
(Crain, 1966) deals principally with hydrology and perennial yield of the 
Jamestown aquifer. Very I ittle new information pertaining to ground water 
in the Jamestown area has become available since the publ ication of Crain's 
report, and no attempt was made to supply additional estimates of ground- 
water availability for that area. 


A description of the ground water in the Allegany State Park (Thwaites, 
1932) provides historical information on the qual ity of ground water and 
construction of wells and springs in the park area. 
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GEOLOGIC SETTING 


Bedrock at and near the land surface in the study area is of Devonian 
age and consists predominantly of gray and black shale with interbedded 
layers of gray siltstone and sandstone (fig. 3). These rocks were deposited 
in a shallow sea about 350 million years ago. Layers of shale, siltstone, 
and sandstone dip very gently to the south, and rock layers that crop out in 
the northern part of the area are at great depth near the New York-Pennsyl- 
vania boundary to the south. For example, the Bradford First sand (sand- 
stone), which is penetrated by oil wells at a depth of about 1,200 feet at 
Knapp Creek, is equivalent to a layer tpat crops out near Cuba, 18 miles to 
the north-northeast. Oil seepage to the surface from this layer, near Cuba, 
forms the famous Seneca Indian Oil Spring. 
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Figure 3.--Eastward view of gently dipping shale and 
sandstone bedrock near Irvine Mills. 
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EXPLANATION 


roo 
 
....... 
.............. 
....... 


Thick unconsolidated deposits 


Figure 4.--Mature dissected Allegheny Plateau. 


Most of the area is a dissected plateau in a mature stage of develo
- 
ment as indicated by the sharp divides between valleys (fig. 4). The 
plateau ends in an irregular escarpment at the Lake Erie Plain, a few miles 
southeast of Lake Erie. The Lake Erie Plain is a narrow belt of nearly flat 
land, sloping gently from the base of the escarpment, about 800 feet above 
sea level, to the lake shore, about 570 feet above sea level. Nearly all 
the rocks exposed at land surface in the study area are of Devonian age, 
but small areas of rocks of Mississippian and Pennsylvanian age are exposed 
on the hilltops near the New York-Pennsylvania State line at altitudes of 
about 2,300 feet. Detailed descriptions of the bedrock geology in the study 
area have been made by Lobeck (1927) and Tesmer (1963), and the locations of 
the geologic formations are shown on the geologic map of New York State 
(Broughton and others, 1962). 


A mantle of unconsolidated deposits covers nearly all the bedrock in 
the area (fig. 5). In most local ities, the mantle is thin on hilltops and 
hillsides and is thickest in the larger valleys. Most of the available, 
good-qual ity ground water is in thick, unconsol idated deposits in the val- 
leys. 


Most of the study area was covered at least twice by continental gla- 
ciers during the Pleistocene Epoch (between about 1 mill ion and 10 thousand 
years ago). The glaciers moved from Canada southward across the area. Rock 
fragments embedded in the ice abraded the bedrock, and additional rock frag- 
ments and soils became incorporated in the ice sheets. Hilltops were rounded, 
and valleys parallel to the direction of ice movement were deepened by glacial 
erosion. 
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Before the advance of the glaciers, the topography of the area was 
probably similar to that in Allegany State Park, south of Salamanca. The 
south-central part of the study area near Salamanca, in which the park lies, 
is the only part of New York State that was not glaciated (MacClintock and 
Apfel, 1944). There is 1 ittle flat land in this nonglaciated area, and all 
its streams are in deep V-shaped valleys separated by sharp ridges. 


As the glaciers melted from the area, morainal ridges were formed at 
edges of the ice by the deposition of soil and rock fragments where ice 
fronts were stationary. Some moraines may have been pushed short distances 
from their original sites by minor readvances of the ice fronts. 


Glaciation is responsible for derangement of the surface drainage sys- 
tem of the area. Most of the preglacial drainage channels were dammed by 
glacial ice or moraines. Such damming caused lakes to form in some places 
and diverted some streams to new channels. Before glaciation, most of the 
streams in the area drained toward the north; however, areal drainage has 
been southward since Pleistocene time. Examples of drainage disruptions 
(stream piracy) are given in the remainder of this section. 


Prior to glaciation two branches of the ancestral Allegheny River met 
at the site of the abandoned hamlet of Cold Spring and flowed northwest 
through Little Conewango Creek valley, the upper part of Conewango Creek 
valley, past the present locations of Dayton and Gowanda (fig. 5), and north- 
westward to Lake Erie. A moraine deposited in the ancestral Allegheny River 
valley between Randolph and Cold Spring formed a dam between Conewango 
Creek and the present Allegheny River (fig. 6). This moraine blocked drain- 
age and dammed the Allegheny River to form a deep sinuous lake that spilled 
over a divide at Kinzua in Pennsylvania into a tributary of the Ohio River. 
A gap that the stream rapidly cut in the soft bedrock at Kinzua allowed the 
lake to drain completely. Consequently, the upper Allegheny River is now 
part of the Ohio River drainage system. 


As the glacial ice receded to the Allegheny Plateau escarpment, large 
fingerlike lakes formed in the present valleys of Conewango Creek, Cassadaga 
Creek, and Chautauqua Lake. The moraine near Randolph prevented these lakes 
from draining southward into the Allegheny River, whereas the glacial ice 
itself prevented northward drainage. Because great amounts of silt and clay 
were deposited in the lakes, today the Cassadaga and Conewango Creek valleys 
are land; and more than half of Chautauqua Lake is less than 20 feet deep. 


Ancestral Beaver Meadows Creek, Ischua Creek, and Oil Creek drained to 
the north; but their valleys were also dammed by glacial ice. The ice front 
remained at the north ends of these valleys long enough to build sizeable 
moraines that presently form drainage divides at Mayville, Cassadaga, Dayton, 
Lime Lake, Rawson, and at other, less prominent locations. The ice blocked 
drainage to the north, and lakes were formed. Because the melting glacier 
produced more water than the valleys could hold, the lakes spilled over 
divides to the south into tributaries of the Allegheny River and eventually 
drained in a manner similar to that of the Allegheny River. At Lime Lake, 
sediment-laden melt water discharged from the glacier into Ischua Creek 
valley and deposited beds of nearly horizontally layered sand and gravel. 
These beds were partly removed by erosion when the lake drained to the 
south. 
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EXPLANA TION 
SURFICIAL DEPOSITS 



 
Sand or interbedded sand and gravel 



 
Silt, clay, or silt and clay 


ffiIIIIIII] 
Till mixed with sand and gravel, 
and silt and clay. These deposits 
were usually formed as glacial 
moraines. 


I I 
Glacial till or bedrock 



 
Areas that have not been glaciated 
and whose surficial deposits have 
been derived from weathering of the 
underlying bedrock. 


Contact 


Southern I imit of Wisconsin glaciation 


---- 


Basin boundary 



 


Figure 5A.--Surficial geology, Allegheny River basin, New York. 
(Geology for Chautauqua County adapted from 
E. H. Muller, 1963. Geology for remainder 
of basin by M. H. Frimpter, 1967.) 
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Figure 5C.--Surficial geology, Allegheny River basin, New York 
(western-central part). 
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Figure 5D.--Surficial geology, Allegheny River basin, New York 
(eastern-central part). 
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Figure 5E.--Surficial geology, Allegheny River basin, New York 
(eastern part). 
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Figure 6.--Location of moraine blocking ancestral 
Allegheny River valley. 
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GROUND WATER AS PART OF THE HYDROLOGIC CYCLE 


Ground water in the area is derived from precipitation. There are three 
paths by which water from precipitation may leave the area: (1) over the 
land surface, (2) through the ground, and (3) back to the atmosphere through 
evapotranspiration. In the first path, precipitation runs off the land 
surface directly into streams. In the second path, it infiltrates the soil 
where some of the water is temporarily retained as soil moisture and the 
rest percolates downward, through the zone of aeration, to the water table 
(upper limit of the zone of saturation). Then as ground water, it moves 
laterally to discharge into lakes and streams. The third path is evapo- 
transpiration from vegetation and land and water surfaces. The pattern of 
subsurface water circulation is shown in figure 7. 


Estimates of the average annual water budget for the study area can be 
made with the equation P = R + L 
 Sg (I) 


where P 
R 
L 
Sg 


= precipitation on the area 
= runoff from the area 
= water loss by evapotranspiration from the area 
= change in ground-water storage 


Assuming that the change in ground-water storage is negl igible in comparison 
to total inflow and outflow for the 30-year period (1931-60), 


Sg = 0, and equation (1) may be simplified to: 


P = R + L 


(2 ) 


Average annual precipitation for this period in the Allegheny River basin is 
41 inches, and runoff is 22 inches. By substituting these data in equation 
(2), one can calculate that the estimate of average annual evapotranspira- 
tion in the Allegheny River basin is 19 inches. 


The ground-water budget for an area can be developed by determining how 
much of the water is circulated through the ground-water system, using the 
following equation: 


Pg = Rg + ETg + U (3 ) 
where Pg = ground-water recharge 
Rg = ground-water discharge to streams 
ETg = ground-water evapotranspiration 
U = Subsurface outflow or i n flow 


Under natural conditions, aquifers of the study area are recharged by 
either direct infiltration from precipitation or leakage from streams that 
cross the aquifers. The natural rate of recharge is controlled primarily by 
the vertical permeability of the materials between land surface and the 
aquifers and also by the capacity of the aquifers to transmit water lateral- 
ly away from the intake areas. 


Using the general procedures outl ined in a water-budget study by 
Rasmussen and Andreasen (1959, p. 93-97), the average annual ground-water 
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Figure 7.--Westward view of ground-water circulation near Olean. 


recharge for the Allegheny basin, New York, from 1950 to 1964 was estimated 
to be 0.6 mgd (mill ion gallon per day) per square mile. Ground-water dis- 
charge (Rg) was estimated to be 9.3 inches by separation of streamflow hydro- 
graphs into ground-water and streamf10w components in the manner described by 
Meinzer and Stearns (1929, p. 107-113). By comparing ground-water runoff for 
various ground-water stages during both the growing season and the nongrowing 
season, a method described by Schicht and Walton (1961), the evapotranspira- 
tion of ground water (ETg) was estimated to be 3.3 inches. Underflow is as- 
sumed small enough to be considered negl igible. The recharge estimate was 
determined by use of equation (3) as follows: 


Pg = Rg + ETg 
Pg = 9.3 inches + 3.3 inches 
Pg = 12.6 inches (0.6 mgd per sq mi) 


The estimated ground-water recharge amounts to approximately 30 percent of 
the average annual precipitation. 


Because of the absence of significant aquifers and the lack of detailed 
runoff data for the Lake Erie basin, a water budget for that basin was not 
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prepared. Considering the general absence of permeable geologic formations 
on the Lake Erie Plain, ground-water recharge there is probably substantially 
less than the 12 to 13 inches estimated for the Allegheny River basin. 


Figures developed in water-budget studies are based on a period of years, 
and individual years may vary considerably from the average. Furthermore, 
ground-water recharge takes place only when precipitation exceeds evapotrans- 
piration and soil-moisture requirements and when the ground is not frozen. 
Consequently, the figures are broad approximations. 


Hydrographs of water levels from observation wells are useful to illus- 
trate the natural patterns of ground-water recharge and subsequent ground- 
water discharge. A 19-year hydrograph of a well in a water-table aquifer 
near Panama demonstrates seasonal fluctuations of water levels (fig. 8). A 
rising water table shows recharge to be greater than discharge during the non- 
growing season, from November to April. From April through October (growing 
season) aquifer discharge exceeds aquifer recharge because most of the pre- 
cipitation reaching the land surface is returned to the atmosphere through 
evapotranspiration. 
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Figure 8.--Seasonal water-level fluctuations near Panama 
and monthly precipitation at Sherman. 
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OCCURRENCE OF GROUND WATER IN BEDROCK 


Drilled wells tapping shale, siltstone, and sandstone (consol idated sedi- 
ments) in most of the study area generally yield adequate quantities of good- 
quality ground water to supply rural homes. Only on the Lake Erie Plain and 
in the deep bedrock valleys of the plateau is the ground water too mineral- 
ized for domestic use. Objectionable concentrations of sodium, chloride, 
natura1 gas, and petroleum are carried by ground water in these areas. Shal- 
low bedrock wells (less than about 50-feet deep) on the Lake Erie Plain may 
yield enough water of satisfactory qual ity to supply a home, but wells deeper 
than 50 feet usually yield salt water. 


Regional ground-water circulation from the Allegheny Plateau area to the 
lower Lake Erie Plain is considered to be negl igible. A significant circula- 
tion would have flushed the petroleum and the brine from the system in the 
past. 


Ground water occurs in the pores of a rock; these pores may be classi- 
fied as primary or secondary in origin. Primary porosity is developed at 
the same time the rock is formed. The primary pores in the rocks of the 
area studied are the void spaces between the grains of the sediment and are 
analogous to the spaces between marbles in a bag. Secondary porosity de- 
velops after the rock sol idifies as cracks or fractures called joints. 


The average primary porosity of the Bradford Third sand (the principal 
oil-bearing sandstone in the area) is about 14.5 percent, and its average 
permeability is a little less than 0.1 gallon per day per square foot 
(Fettke, 1938, p. 226). The low primary porosity and resultant low permea- 
bility of the consol idated rock in the study area as exempl ified by the oil- 
bearing sandstone precludes the possibil ity of tapping consolidated rocks 
for large quantities of water. 


Ground water obtained in usable quantities from the consol idated rocks 
occurs in the fractures or joints (secondary porosity). The more fractured 
and jointed the rock, the more open space it has to contain and transmit 
water. Horizontal or bedding-plane joints are very common in the study area, 
but they usually are tightly closed owing to the weight of the overlying 
rocks. However, at shallow depths or below competent beds of sandstone, 
these joints may be open and may carry water. Figure 3 is a photograph of 
an open bedding-plane joint from which water seeps and nourishes vinelike 
vegetation (above the automobile). 


Wells in bedrock usually obtain most of their water directly from the 
horizontal joints because they intersect more horizontal than vertical 
joints. Horizontal joints in road cuts and other excavations seem to carry 
water, whereas the vertical joints seem to be dry because they are drained 
at the face of the excavation. (See figure 9.) 


Although not as numerous as horizontal joints, steep-angle or vertical 
joints are very important in the area. These joints are more apt to remain 
open, even in less competent material such as shale, and to greater depths 
than the horizontal joints. Most importantly, the vertical joints act as 
conduits carrying recharge water from the surface down to the horizontal 
joints and form a three-dimensional network with the horizontal joints to 
transmit and store water below the water table. 
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Joint systems in the vicinity of Allegany State Park were recognized and 
described by Lobeck (1927, p. 93-96). He reported the parallelism of the ver- 
tical joints and the stream-valley orientation due to the adjustment of the 
streams to the zones of least resistance to erosion (the joints). Wells tap- 
ping consol idated aquifers in these valleys generally yield more water than 
those on hills. This is partly due to the greater number of joints in the 
valleys. 
Also, wells tapping bedrock usually yield more water in valleys than on 
hills because the water table is nearer land surface in the valleys than it is 
on the hills and wells of equal length penetrate more water-saturatep, jointed 
rock in the valleys. Furthermore, many streams in the valleys are sources of 
recharge; in most local ities no recharge from streams occurs on the hills. 
Ground-water levels vary only a few feet throughout the year in valley bot- 
toms, whereas water-level fluctuations in the hills may vary as much as a few 
tens of feet. 
The average depth of 98 wells reported to tap bedrock for domestic sup- 
plies is 96 feet (table 4). Yields reported for 34 of these wells average 12 
gpm (gallons per minute). The average depth of 28 wells drilled in bedrock 
for municipal, industrial, commercial, and other uses is 146 feet (table 4), 
and their average yield is 54 gpm. The difference in yield between these two 
groups of wells is not solely dependent on their differences in depth. The 
wells drilled for high yield are located more carefully than those drilled 
for domestic supplies, and they differ in construction and development. 


Not to scale 


Figure 9.--Ground water (shaded area) in horizontal 
and vertical joints in bedrock. 
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OCCURRENCE OF GROUND WATER IN UNCONSOLIDATED AQUIFERS 


Unconsol idated sediments comprise both the best and the poorest of the 
aquifers in southwestern New York (fig. 10). Coarse sand and gravel jerc
- 
its are highly permeable and are capable of high yields. Compared to tIIU
t: 
deposits, clay is relatively impermeable and yields insiQnificant amounts of 
water to wells. 


Most of the unconsol idated sediments were deposited during the last 
period of glaciation. Vast amounts of water and rock fragments were dis- 
charged from the melting glacier, and low-lying areas were flooded and were 
laden with sediments ranging in texture from clay to coarse gravel. In up- 
land areas, most of the glacially derived sediments are deposits of till. 
Till is composed of unsorted clay, silt, sand, gravel, cobbles, and boulders 
in random mixtures. Conditions for deposition of till, outwash deposits, 
and lacustrine clay and silt coexisted at the edges of static-ice fronts, 
where moraines composed of mixtures of these materials were deposited. 
These moraines in the study area are mapped as "mixed deposits" (fig. 5). 


Residual deposits formed from weathered bedrock in the nonglaciated part 
of the study area are similar to till in composition and hydrologic proper- 
ties. Stream-laid deposits of sand and gravel occur in valleys in this area 
and are hydrologically comparable to outwash. 


Thick, saturated, deposits of sand and gravel outwash in valleys (figs. 
5 and 10) comprise the most productive aquifers in the study area. These 
deposits generally contain 1 ittle interstitial clay and silt, and they are 
the most permeable of the water-yielding units in the area. The recharge 
potential of outwash deposits is the highest of all aquifers in the area be- 
cause of their positions in valley bottoms. Outwash deposits are usually 
the most reI iable aquifers because of their higher permeabil ity and greater 
recharge potential. Yields of more than 1,500 gpm have been obtained in 
the study area from properly constructed wells screened in outwash. Stream- 
laid deposits of sand and gravel in the nonglaciated area derived from local 
rocks are similar to outwash, but they are mostly of small areal extent. 


Deposits of till are usually of low permeabil ity, and they do not yield 
large quantities of water. However, these deposits can usually supply indi- 
vidual homes and small farms from large-diameter (3 or more feet) wells. 
Such wells are usually shallow and frequently become dry in periods of 
drought; furthermore, they are easily polluted. 


Many of the moraine deposits lie above the water table, especially 
where the deposits were left as ridges and hummocks. Where these deposits 
1 ie below the water table, intercalated sand and gravel lenses are capable 
of yielding small to moderate amounts of water. Yields from the moraines 
are variable, but in many local ities, depending on the composition and the 
location of the saturated morainal material, they are capable of supplying 
individual homes and small farms from small-diameter driven wells or large- 
diameter dug wells. 


Lake deposits of clay and silt in the area have low permeabil ity and 
are not considered as aquifers. Clay and silt deposits may confine water 
under artesian pressure in underlying aquifers. 
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EXPLANATION 
Estimated yield to individual wells tapping the most productive aquifer 
underlying each area. Yieids are based on permeability, thickness, 
topographic position, and reported yields of existing wells. Several 
areas have more than one aquifer, but only the yield of the most 
productive one is indicated. 


YiElD, IN GALLONS PER MINUTE 


I I 
0,1 to 20 
These aquifers consist of glacial till, bedrock, and very small deposits 
of sand and gravel. Open-hol e dri II ed well s are constructed in the 
bedrock. Large-diameter open-jointed field stone wells are constructed 
in the glacial till and shallow sand and gravel deposits. Well points 
are also used to tap the small sand and gravel deposits. 



 
5 to 50 
Sand and gravel aquifers of slight thickness, including moraines, both 
water table and artesian. These are tapped by fully penetrating screened 
wells, generally 6 inches or less in diameter. 



 
25 to 250 
Sand and gravel aquifers, either water table or artesian. These deposits 
are tapped by fully penetrating screened wells generally 12 inches or 
less in diameter. 


ITIIIIIIID 
250 to more than 1000 
Very permeable sand and gravel aquifers, either water table or artesian. 
Thickness of the water-table aquifers is generally more than 20 feet and of 
the artesian aquifers is generally less than 20 feet. These are tapped by 
fully penetrating screened wells, generally 10 inches or more in diameter, 


Area boundary 


-..--- 


Basin boundary 


f, 


Figure 10A.--Ground-water availability, Allegheny River basin, New York. 
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Figure 10B.--Ground-water availability, Allegheny River basin, New York 
(western part). 
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Figure lOC.--Ground-water availability, Allegheny River basin, New York 
(western-central part). 
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Figure 10D.--Ground-water availability, Allegheny River basin. New York 
(eastern-central part). 
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Figure IOE.--Ground-water availability, Allegheny River basin, New York 
(eastern part). 


- 32 - 




 r 
 .. 

 . 
. 
l 

'

 
 ,..
-- '-. 


ll) 
 

 
 ,1",,:/'ir; ; U 
,

'
 
 


W


 
 

 ooo
G 

.
 

r- P'?'
 
 ",'
 .

,,
 
I

 
 
p)J
 
 /./( . 

 Wf1&;;-; 
DI
( 

.
 1)/ l- 
J/i;; 

f
 <
\). (\
 

 
 

 0 o
 
 S 
 
 

 
f,
 i

 M1t
. 

i ?/k')J 
 
Q'j 
J ,\
 
o 0 
 
11 


 
 
t 
 ,
(', 


 
" 

\P/s 
 t ,>} 
 ;;)\\\1 


 

 -AD \
 
 
.rQ &2't
 

d

.
 
=a 
. 
. J' 




. l
 
,
 

,\\),JJ IM ;

; 

 Yr
'1\ 
o 
 

. 

C7 g" 
; / \
 
 l\'
O fI,;Q 

 J
'
lv 
 
 ... 
 

\ 


 '1I"'I\rf! J. 
 
 
 0 

 J olr:IT ,.\(,,
 5 
. ,l ::? {II 
 '7 
 
 
 '/,'
 1II
?7 
 0 
- 

 
{fJ 
 
( 1f.\
 . 
 I 
 
 {fffj 
 
 
:JJ\ 
 
 
 o
 )J,',.J C>A 7/1 ;'11 ::-J 
 .
 5L- 
,\, = VJ; w::;;-
 


I \'\ 

 
i or-)' ::::J 
 

 tc;l
 :.;:,:n( I I
 
 U)))ff . 
 

 '-' 
 " 
IU 
t '//11 "'7.#7// 0 01, )'IfL:J
,--cs. _ '>l/
 

 '\: \\. 
 0. J:
 
 I;;::; . 

 . 
 

 ' 'IV, 
 . 
. We 
 !
 
 0,,->" 
 d" 
 
): 
 -- o



"f'
- - '- 
9t 
 
:: 


 
 
'. iJ;;'t!. 

(:&J
,
 r: 1i
 1 
F
. 
, 
 
 Irr- 
 
" 1,0 &S,. 
 I.\S 
 '.
 

'" 
 ll' W ll L.::: ./ ? 

 
 \\\\( 

\ 
 o
 \
 

I '" ". '. ,u, / l:..
 \1< U 
:;.. 0 '\ 
Jr :-'f

 .. 
 :-.,,
 Y/J )f \\:;;:I 
 
;,: I 'a 

 )'3IJ/I11 
 

, 

." 
 
20
 2i: "1)l] 
 j 
 
 ' 
..; o- 
r 1",:\
I!,'I,!'lG
9ve . 0 ". ((/. 
/o. @ I) lIfff:'ff (f"( 
. 
O! . ( .u I 
 
P
L

 

 ,'IU.Vf 
)rxf- 
'-i
 

 
«
"'\\\
r
 


\J'" 
420 . Ilf 
,\
....J; eeK _ ('"' 
 
""'{...:........ 


Base from U.S. Geological Survey 


I 
78° 1 51 


I 
78°00' 


o 
, 


5 
I I I , 
CONTOUR I NTERV AL 100 FEET 
DATUM IS MEAN SEA LEVEL 


10M I LES 
I 


BASE MAP FOR FIGURE 10E 


- 33 - 



Elongate deposits of sand and gravel running parallel to the Lake Erie 
shore consist of about 25 feet of sand and gravel and form a beach ridge. 
These deposits are not an important aquifer because water is not retained 
but drains rapidly toward Lake Erie. Only a very small thickness of the de- 
posits is saturated. Locally, these deposits may serve as a source of water 
for domestic or stock uses. 


Because the lithology (and hence the permeability) of the 
nconso1 idated 
aquifers in the study area varies both vertically and horizontally, detailed 
estimates of ground-water availability from small segments of aquifers are 
not shown in figure 10 nor are they discussed in the text. Additional sub- 
surface geologic and hydrologic data will be required before well-field de- 
velopment or well-field planning are undertaken. Arbitrarily placed wells 
of accumulative capacity equal to the aquifer yields presented in this report 
may not necessarily yield the total estimated aquifer yield when pumped si- 
multaneously. A basic knowledge of well and aquifer hydraul ics is assumed 
in presenting the potential aquifer-yield and well-yield data in the text and 
in figure 10. For information pertaining to the engineering aspects of wel1- 
spacing and location, the reader is referred to Meinzer (1923 and 1932), 
Heath and Trainer (1968), and Todd (1959). 


The major unconsol idated aquifers of the Allegheny River basin in New 
York are described, and their potential yields are estimated in the remainder 
of this section of this report. These estimates represent the yields of the 
aquifers that could be sustained indefinitely. They are based on individual 
aquifer storage volume with complete recharge during each annual spring thaw 
and on the induced stream infiltration that would result from ground-water 
withdrawal. This method is appl ied because of the varying geohydrologic 
conditions existing in the aquifers in this section of New York State. 


Aquifer discharge, measured as stream base flow, is complexly related to 
aquifer recharge in the Allegheny River basin and cannot be used as a direct 
estimate of potential ground-water yield as has been done in other areas of 
New York State. For example, because of the high permeability of valley 
aquifers and relatively steep valley gradients in lower Fivemile and Great 
Valley Creek valleys, both Fivemile and Great Valley Creeks lose rather than 
gain water when other streams of the area are in base-flow condition. Base- 
flow-stream discharge as a measure of aquifer recharge in these and other 
stream valleys in this study area would be misleading, and maps showing base- 
flow discharge are therefore not included in this presentation. 


Aquife
s in the Allegheny River Valley 


A brief review of the Pleistocene geologic history of the Allegheny 
River valley helps explain the geologic framework of the valley. Before 
Pleistocene glaciation, the Allegheny River flowed northward and cut a steep- 
walled valley in shale and sandstone bedrock. The stream flowed northward 
through the present upper Conewango and lower Cattaraugus valleys, as part 
of the St. Lawrence drainage system. Advance of the glacial ice dammed this 
drainage and formed a long sinuous lake in the valley with a surface alti- 
tude of about 1,480 feet above present sea level. An approximately 211-foot 
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thickness of clay and silt was deposited in the lake, and deltas of sand and 
gravel were deposited where streams entered the lake. To the south, the 
lake spilled over a divide near Kinzua, Pennsylvania; and the outflow eroded 
a channel to the Ohio River drainage system through which the lake drained. 
The glacier then advanced into the Allegheny River valley where it deposited 
large quantities of sand, gravel, and silt to form stratified valley-train 
deposits of more than 300-foot thickness at some places. After the Allegheny 
River subsequently cut through about 180 feet of these deposits near Quaker 
Bridge and Onoville, only a few high terraces along the valley sides remained. 


Sand and gravel deposits extend from about 40 to 100 feet below the 
present river level and rest on as much as 200 feet of clay and silt. The 
sand and gravel deposits are generally thicker downstream and westward than 
they are upstream and eastward. Saturated sand and gravel deposits extend 
both upvalley and downvalley from 01ean and constitute the most extensive 
high-yield aquifer in the study area (figs. 5 and 10). This aquifer is about 
as wide as the valley floor, averages about 80 feet in thickness, and extends 
from the Allegheny Reservoir, near Salamanca, upvalley into Pennsylvania. 
Typical geologic sections through the valley are shown in figures 11 and 12. 
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Figure 11.--Lithology of deposits at Olean. 
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Figure 12.--Allegheny River valley near South Vandal ia. 


Because of lithologic variations, the aquifer permeabil ity varies both 
horizontally and vertically. Some of the most permeable layers of the aqui- 
fer yield water at exceptionally high rates, as is evidenced by numerous 
screened wells that yield more than 1,000 gpm. Although depths to the most 
permeable parts of the aquifer may vary from place to place, the entire 
thickness of sand and gravel may be considered part of the aquifer and cap- 
able of yielding water. 


The saturated unconsol idated deposits in the Allegheny River valley of 
the report area comprise a ground-water reservoir of about 20 square miles 
in area by an average of 80 feet in thickness. The amount of water stored 
in the deposits, using a specific yield (amount of water that can be drained 
by gravity from a given volume of material) of 20 percent, is about 65 bil- 
I ion ga lIon s . 
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Under natural conditions, storage in the aquifer fluctuates only slight- 
ly, During summer and early fall, when the evapotranspiration rate is high, 
ground water discharging from aquifer storage constitutes the major source of 
the.flow of the Allegheny River. During early spring, when streamflow is 
abundant and the evapotranspiration rate is low, the aquifer is recharged. 
However, because the aquifer is already nearly filled to capacity and the 
remaining storage capacity is rapidly replenished, most of the potential re- 
charge is rejected and flow$ out of the study area. Much of this spring run- 
off might be stored in reservoirs for use during summer and fall when water 
is not so plentiful. The aquifer in the Allegheny River valley is a reser- 
voir that could be available for this purpose. 


Management of storage in the Allegheny River valley aquifer would signi- 
ficantly add to the area's water supply. To take advantage of the tremendous 
storage capacity of the aquifer, storage must be available for recharge dur- 
ing the period of abundant water in the spring. Greater lowering of the 
water table, by increased withdrawal and use of ground water to supply more 
industrial and municipal needs during the relatively dry period (about 200 
days) from spring to fall, could make such storage space available. 


Utilization of the storage capacity of the Allegheny River valley aquifer 
can be illustrated by computing yield from storage while temporarily ignoring 
potential-induced stream infiltration and assuming that 30 feet of the aquifer 
is dewatered in the 200-day period. The 30-foot average depth of dewatering 
is one-half the available drawdown in wells with screen ODen to the bottom 
20 feet of an aquifer that is 80 feet thick. Excluding recharge during the 
period, approximately 170 X 10 8 cubic feet of aquifer would be dewatered; and 
a yield of 255 X 10 8 gallons of water (an average of about 120 mgd) would be 
obtained. During the remaining 165 days of the year, this volume of water 
would be replaced by recharge from the increased flow in the Allegheny River. 


In addition to the 128 mgd drawn from aquifer storage, inflow from the 
Allegheny River and its tributaries is available as surface water or as 
ground water through induced infiltration. Inflows from the major tribu- 
taries and headwaters of the Allegheny River that are expected to be equaled 
or exceeded 90 percent of the time in average years (R. R. Shields, written 
commun., 1969) are: 


Allegheny River at Eldred, Pa. 
Oswayo Creek near Mill Grove, N.Y. 
Olean Creek near Olean, N.Y. 
Tunungwant Creek at Limestone, N.Y. 


Cubic feet per second 
74 
20 
26 
24 
TOTAL 144 (93 mgd) 


The 93 mgd streamflow during average years, or less during dry years, 
could be induced to recharge the aquifer through the Allegheny River stream- 
bed, which has an approximate area of about 44 X lOG square feet (32 miles 
long by 260 feet wide). With hypothetical withdrawal wells placed close 
enough to the Allegheny River to produce a maximum hydraul ic gradient of I 
foot per foot, the minimum average streambed permeabil ity necessary to in- 
duce infiltration of 93 mgd can be computed by Darcy's law, P = 
: 
IA 
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where Q = quantity, in gallons per day 
P = permeability of the streambed, in gallons per 
day per square foot 
I = hydraul ic gradient, in feet per foot 
A = area, in square feet 


P = Q 
IT 
93 X 10 6 
X 44 X lO b 


P 


P = 2.1 gpd per ft 2 


This permeability is much lower than the expected 20 gpd per ft 2 (gallons 
per day per square foot) average permeabil ity of the streambed material 
(Todd, 1959). 


The 128 mgd from storage and the conservative estimate of 93 mgd of pos- 
sible induced stream infiltration give a total of about 220 mgd of ground 
water available from the Allegheny River valley aquifer during the season 
when water is normally in shortest supply and in greatest demand. Induced 
infiltration of 93 mgd would be expected to cause the river to go dry 10 per- 
cent of the time in an average year and more than 10 percent in dry years. 
In addition to the stream inflows given, enough water flows through the 
Allegheny River near Salamanca 50 percent of the time to recharge the aquifer 
at an estimated induced infiltration rate of 880 mgd. This potential infil- 
tration capacity, computed by Darcy's law, is based on a streambed permea- 
bility of 20 gpd per ft 2 and a maximum hydraul ic gradient of 1 foot per foot. 
Because the potential induced infiltration is 880 mgd 50 percent of the time 
and the storage capacity of the reservoir can sustain a withdrawal of 128 mgd 
for 200 consecutive days, the ground-water yield of 220 mgd is considered a 
reasonable minimum estimate of the aquifer's potential yield. 


The withdrawal figures are based on management practices of solely pump- 
ing from the existing surface- and ground-water reservoir system and are not 
dependent on return flow. Used water is or can be returned to the reservoir 
locally through septic tanks, cesspools, the riverbed, or other means. How- 
ever, excessive recycling of such water could impair water qual ity in the 
aquifer. For yields exceeding 220 mgd, water-management and economic fac- 
tors, rather than hydrology, are the dominant factors control I ing the water 
yield of this river-aquifer system. 


Production of ground water from the Allegheny River valley aquifer has 
been significant since about 1946. From 1946 to 1953, the Felmont Oil Corpo- 
ration (formerly Case Pomeroy and Company, Inc.) withdrew more than 4.6 mgd 
from this aquifer for use in the water-flood method for the secondary re- 
covery of petroleum at the Bradford oil field, in Pennsylvania. Production 
from the Felmont Oil Corporation's water-well field is shown in figure 13. 
This well field is on the south side of the Allegheny River, near 01ean. 
Water from this field is no longer used in the secondary recovery of petro- 
leum, but about 7 mgd is pumped to chemical plants in North 0lean. 
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Figure 13.--Ground-water pumpage from Felmont Oil Corporation 
water-well field south of the Allegheny River. 


Another field of six water wells owned by Felmont Oil Corporation was 
completed in 1966 at the chemical plants north of the Allegheny River. This 
well field produces an additional 7 mgd. In the fall of 1968, the Felmont 
Oil Corporation began testing the aquifer for additional wells near Olean. 


The Pennzoil Company (formerly South Penn Oil Co.) operates water wells 
in the Allegheny River valley at South Vandal ia. The water produced there is 
injected into an oil-bearing sandstone for secondary recovery of petroleum in 
the area of Chipmunk Creek Valley. 


The highest-yielding water well at South Vandal ia taps two separate 
sand and gravel aquifers and was pumped at 1,000 gpm with 20 feet of draw- 
down. Almost all the wells in the two water-well fields operated by 
Felmont Oil Corporation have been pumped at 1,000 gpm or more. Felmont well 
420404N0782836.2 (table 4) reportedly yielded 1,420 gpm with 4 feet of draw- 
down. Test wells drilled in the Allegheny River valley, for the city of 
Olean, tapped the Allegheny River valley aquifer; and water-supply wells for 
Salamanca and the village of Allegany, as well as the wells supplying numer- 
ous small industrial and commercial establ ishments, also tap the Allegheny 
River valley aquifer. The ability of this aquifer to yield large quantities 
of water is well established. 


Some wells tapping the Allegheny River valley aquifer have yielded hard 
water, and some have yielded iron-bearing water. Water qual ity is not uni- 
form throughout the aquifer, and additional exploration is needed to define 
a qual ity-distribution pattern for the aquifer's water. 


Aquifers in the Valleys of Conewango Creek Drainage Basin 


This section describes the geologic framework and the hydrolo9Y of the 
three major stream valleys. 


Aquifers in Chautauqua Lake, Cassadaga Creek, and Conewango Creek val- 
leys have been described in detail by Crain (1966). During the advance of 
the glacier, the ice abraded, eroded, and enlarged these three valleys. As 
the glacier retreated, drainage from the valleys was blocked on the south by 
moraines and on the north by glacial ice and long deep lakes formed in the 


- 39 - 



valleys. These fingerlike lakes formed sediment traps that accumulated 
great thicknesses of silt and clay. The log of a test well in Conewango 
Creek valley (fig. 14) shows a thickness of 844 feet of sediments deposited 
during the glacial retreat from the valley. Approximately 96 percent of the 
844 feet of sediments is silt and clay. Sedimentation occurred rapidly be- 
cause of the large quantities of water and sediment released by the melting 
glaciers. Sedimentation is now proceeding slowly in Chautauqua Lake, the 
only remaining lake of the three. 


Streams entering the three finger lakes brought silt and clay and built 
deltas of sand and gravel. Examples of modern delta building may be seen in 
Chautauqua Lake at Bemus Point, Stow, Prendergast Point, Lighthouse Point, 
Dewittvil1e, Whitesides Point, and Point Stockholm. These modern and 
Pleistocene deltas in Chautauqua Lake and in Cassadaga and Conewango Creek 
valleys constitute most of the unconsol idated aquifers at the surface in 
these three valleys (fig. 5). Crain (1966, p. 96) estimated the ground- 
water yield from four of these delta areas on the basis of stream drainage 
areas and on the assumption that aquifer storage is sufficient to sustain 
aquifer yield when streamflow is less than 65-percent duration. His data 
are listed in the table that follows: 


Va 11 ey 


Approximate 
drainage areal 
(square mi les) 


Cherry Creek 


I I 


Estimated 
ground-water yield 
(gallons p er da y ) 
3,300,000 


Mud Creek 


15 


4,500,000 


Mill Creek 


10 


3,000,000 


Clear Creek 


32 


9,600,000 


1 Includes area of principal stream and of unnamed 
tributaries flowing over sand and gravel depos- 
its in same valley. 


A more continuous aquifer than the deltas, the Jamestown aquifer, occurs 
in Cassadaga Creek valley. Thickness of the aquifer ranges from 20 to 40 
feet, and the depth to the top of the aquifer gradually increases northward 
from about 60 feet, near Poland Center, to about 140 feet, just north of 
Gerry. The Jamestown aquifer was probably formed by coalescing deltas, or 
alluvial fans, that were deposited when the lake was drained during a tem- 
porary retreat of the ice dam to the north. Channels parallel to the face 
of the Appalachian Plateau escarpment (Muller, 1963, p. 48 and pl. I) sug- 
gest that large quantities of water flowed between the ice margin and the 
escarpment during this retreat. A glacial readvance renewed lacustrine con- 
ditions and silt and clay were deposited on the sand and gravel. Conse- 
quently, the Jamestown aquifer is a long, thin artesian aquifer recharged 
almost entirely through sand and gravel deposits where tributary streams 
enter the valley. Crain (1966) estimated the maximum perennial yield of 
the Jamestown well field to be 10 mgd. Two new publ ic-supply wells drilled 
for the city of Jamestown in 1968, adjacent to Conewango Creek near Poland 
Center, are expected to yield 4 mgd or more from the Jamestown aquifer. 
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Latitude 42°23' 20"N, Longitude 79°00' 08"W, elevation of land surface 1320 feet 
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Figure 14.--Graphic log of gas-exploration well showing lithology 
of glacial deposits in the Conewango Creek valley 
near Markhams. 



There are some small aquifers in the northern part of the Conewango 
Creek valley near South Dayton and Markhams. The log in figure 14 is from a 
gas-exploration well near Markhams. It reveals three deep but thin sand and 
gravel layers that could function as aquifers if they could be recharged. 
Some wells at South Dayton tap an artesian sand and gravel aquifer at depths 
greater than 500 feet below land surface. This deep aquifer was probably de- 
posited under conditions similar to those that existed when the Jamestown 
aquifer was deposited. The rate of recharge to these deeply buried aquifers 
must be relatively slow because they are not in good hydraul ic continuity 
with surface sources of water. 


Shallow water-table aquifers in the South Dayton area are glacial out- 
wash from the ice terminus, or deltas and alluvial fans. These deposits 
constitute thin water-table aquifers. Test-pumping of a shallow aquifer 
in the vicinity of South Dayton showed that large quantities of water are 
available from the thicker parts of the aquifer, but the water contains ob- 
jectionable quantities of dissolved or suspended iron. 


Aquifers in the Valleys of Olean, Oil, and Ischua Creeks 


Glacial ice filled Olean, Oil, and Ischua Creek valleys during the 
southernmost advance of the Wisconsin ice sheet. Lakes developed at differ- 
ent altitudes in these valleys when the ice retreated northward to Lime Lake 
in Ischua Creek valley and north of Cuba in Oil Creek valley. Alluvial fans 
or deltas were deposited along the lake shore in Olean Creek valley, whereas 
silt and clay were deposited in the remaining parts of the lakes (fig. 5). 
In Oil Creek valley, however, mostly lacustrine silt and clay were deposited 
because there were few tributary streams to form deltas. In Ischua Creek 
valley, the lake stage was followed by a fluvial stage when the waters of 
the lake in Ischua Creek valley cut a gap to Olean Creek valley and the lake 
drained. 


In Oil Creek valley, between Maplehurst and Cuba, most of the deposits 
are relatively impermeable silt and clay except for a few alluvial fans or 
deltas at the mouths of tributaries near Cuba (fig. 5). Aquifers formed by 
these fans or deltas are tapped by two wells that supply about 300,000 gpd 
(gallons per day) to the village of Cuba. One well, in the southeast corner 
of the village, yields 450 gpm, and the other, in the northwest corner, 
yields about 300 gpm. 


A valley train of sand and gravel was deposited in Oil Creek valley 
near Rawson, south of a position where the ice front remained stationary 
(fig. 5). The moraine at Rawson forms the divide between Oil and Caneadea 
Creeks. Thickness of the sand and gravel deposits is not known, but the 
drainage area that supplies water for recharge is small. Their maximum 
yield is probably about 2 mgd. 


A stationary ice margin at Lime Lake dammed Ischua Creek valley, and a 
long narrow lake, fed by glacial melt water, filled the valley. A separate 
contemporary lake filled Beaver Meadows valley. Although there is no sub- 
surface information concerning the Beaver Meadows area, several test bor- 
ings between Machias and Frankl inville penetrated silt and clay at a depth 
of about 85 feet below the surface of Ischua Creek valley. When the ice 
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melted, large volumes of sediment-laden melt water poured into Ischua Creek 
valley and deposited a thick layer of sand and gravel on the lake sediments. 
The resulting delta of sand and gravel is wedge shaped and more than 180 
feet thick at its northern end. The coarsest materials in the wedge are 
near the source of the deposits at the north; finer sandy layers are found 
southward as distance from the source increases. 


As the outwash was being deposited in Ischua Creek valley, tributary 
streams deposited additional amounts of sand and gravel as deltas. The lake 
in this valley had a short 1 ife. Overflowing water rapidly eroded a gorge 
near Ischua, and the lake drained into 01ean Creek valley. Outflowing gla- 
cial melt water eroded much of the sand and gravel deposited during the pre- 
ceding lake phase. A few terraces of sand and gravel along the sides of the 
valley (fig. 5) are all that remain of the delta deposits, and about 85 feet 
of the wedge-shaped outwash body remains below the level of Ischua Creek be- 
tween Franklinville and Machias. 


Near Franklinville, a large gravel pit has been dug into a high terrace 
that is part of the wedge-shaped aquifer. The top of this terrace, altitude 
1,680 feet, slopes gently to the south and is about 100 feet above the alti- 
tude of Ischua Creek. The geologic structure of the unconsol idated deposits 
forming the aquifer in this part of the valley is shown in figure 15. 
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Figure 15.--Geologic section in unconsolidated deposits of 
Ischua Creek valley near Franklinville. 
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The unconsol idated moraine and outwash deposits at the north end of the 
valley near Machias have pitted and hummocky surfaces typical of those formed 
near melting glacial ice. Many depressions were formed in the deposits be- 
cause blocks of ice that were deposited along with the sand and gravel subse- 
quently melted. Lime Lake occupies such a depression. The glacial deposits 
in this end of the valley are very irregular and contain permeable sand and 
gravel as well as nearly impermeable till. Till is generally more abundant 
on the northern, ice-contact side of the deposits. Ground-water drainage in 
this part of the valley, toward Lime Lake's outlet or Ischua Creek, depends 
on the slope of the ground-water table in the deposits. This slope probably 
changes from season to season. 


The area of the aquifer between Machias and Franklinville is estimated 
to be about 5 square miles. The quantity of ground water available from 
storage, assuming a 20-foot dewatering of the aquifer and an analysis similar 
to that used for the Allegheny River valley aquifer, is about 4.5 bill ion 
gallons. A withdrawal rate of about 22 mgd would remove water stored in the 
top 20 feet of this aquifer in 200 days, and the aquifer storage would be re- 
plenished during the remaining 165 days of the year when water is abundant. 


Flow over the aquifer of Ischua Creek and some of its tributaries is 5 
cfs (cubic feet per second) (3 mgd) at least 90 percent of the time. This 
flow is available to recharge the aquifer through induced infiltration and 
could also be withdrawn as ground water during the 200-day period. There- 
fore, the tot
 potential yield of this aquifer, excluding ground-water 
management in the form of water spreading or reuse, is estimated to be about 
25 mgd. However, ground-water withdrawals at this rate would cause Ischua 
Creek to run dry. The release of this water after use, and its condition, 
would be the responsibility of water-systems planners and managers. No 
municipal water-supply wells tap this aquifer in Ischua Creek valley, and no 
other high-yield wells have been reported to tap it. 


Shallow wells, developed in sand for the village of Franklinville, tap 
one of the delta deposits outside the 5-square mile area of the large aquifer 
between Machias and Franklinvil1e. Particle-size analyses of sand and gravel 
mined in the area, show the aquifer material to be well sorted and nearly 
free of silt and clay. Well yields greater than 300 gpm are possible from 
such material. 


The geology of the unconsol idated deposits in Olean Creek valley is more 
complex than of that in Oil Creek and Ischua Creek valleys. In the northern 
part of Olean Creek valley and in the southern 4 miles of Ischua Creek val- 
ley, the deposits are primarily sand and gravel with a few layers of silt and 
clay. Unlike the northern part of Ischua Creek valley, there are no terraces 
in the valley of Olean Creek. This distribution of terraces indicates that 
the glacial lake in Ischua Creek valley north of the hamlet of Ischua was 
separate from a glacial lake that lay in Olean Creek valley at a lower alti- 
tude. The lakes were separated by a divide in the narrow steep-walled valley 
of Ischua Creek, near Ischua. The altitude of the lake surface in Ischua Creek 
valley was 1,680 feet. When the lake spilled over the divide and descended 
to an altitude of 1,500 feet, the water eroded a deep channel through the 
divide and deposited sediments in the lower lake. The fine-grained sediments 
that entered the lower lake were carried farther south and were deposited 
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between the tributary deltas of coarse-grained sediments (fig. 5). The fine 
material was also interbedded with coarse-grained delta sediments to form 
deposits of clay and gravel, or silt and gravel, which have a low permeability. 


No estimate of potential ground-water yields in the southern part of 
this valley (south of Hinsdale) was made because of the variable permeabil- 
ity and the lack of uniformity of the structure of the deposits. However, 
thick layers of coarse delta deposits probably occur at the places where 
tributary streams flow onto the Olean Creek valley flat. Therefore, wells 
drilled in the valley floor near the tributary streams will probably yield 
more water than those drilled farther upstream or downstream from the tribu- 
taries. 


The narrow lower part of Ischua Creek valley is filled primarily with 
well-sorted sand and gravel that forms a highly permeable aquifer for a dis- 
tance of about 4 miles north from Hinsdale. The volume of this aquifer and, 
therefore, its ground-water storage, is small, and rapid recharge to the 
aquifer would be required to maintain high rates of withdrawal. Thus, the 
practical yield of this aquifer is limited by the amount of water available 
in Ischua Creek for infiltration and recharge. The 30-consecutive day aver- 
age lowest flow with a recurrence interval of 10 years is 12.5 cfs for Ischua 
Creek at Maplehurst. This figure is significant because it is usually simi- 
lar to the flow that is equaled or exceeded about 90 percent of the time, 
which has not been estimated for this stream. The streamflow represented by 
this minimum figure could be induced to recharge the aquif
r for withdrawal 
as ground water. The 12.5 cfs is equivalent to about 8 mgd and is considered 
a conservative estimate of the smallest amount of stream water available to 
recharge this aquifer. The streambed of Ischua Creek is in coarse gravel, 
which facilitates infiltration. The small storage capacity of the aquifer 
would support a withdrawal of about 2 mgd over a 200-day low-water period; 
assuming no recycling of water, the rate at which water could be withdrawn 
from this aquifer is estimated to be 10 mgd. 


Aquifers in Brokenstraw and French Creek Valleys 


Glaciation of French Creek and Brokenstraw Creek basins south of Lake 
Erie and west of Chautauqua Lake has left some isolated sand and gravel de- 
posits that are small aquifers. The deposits are valley-stopper and valley- 
choker moraines (MacClintock and Apfel, 1944) and their associated outwash 
aprons. Valley-stopper moraines are ridges that form drainage divides 
blocking the preglacial streamflow courses through the valleys (fig. 16). 
Valley-choker moraines do not form divides, but they constrict stream val- 
leys at the sites of the moraines. Valley-stopper moraines are found 2 
miles west of Clymer, 2! miles north of Clymer, at North Clymer, southwest 
of Findley Lake, and 3 miles west of Sherman; and a valley-choker moraine 
is founq at Clymer Center (fig. 5). The valley-stopper moraine 2 miles west 
of Clymer led to the piracy of the headwaters of Brokenstraw Creek by French 
Creek. A lake that formed northwest of the moraine spilled over the divide 
into the French Creek basin at Marvin where it cut a gap in the bedrock. 
Nearly all the area in New York State now drained by French Creek was pre- 
viously part of the Brokenstraw Creek drainage basin. 


- 45 - 



Sand and 
grave I 


Bedrock 


Not to sea Ie 


Bedrock 


Figure 16.--Northward view of valley-stopper moraine at North Clymer. 


The moraines have hummocky and pitted surfaces and are generally mix- 
tures of sand, gravel, and till. The moraine deposits have an unpredictable 
range of permeabilities because of variations in composition. Parts of val- 
leys that were fi11ed with ice when the moraines were deposited are now 
filled with silt and clay that was deposited in lakes formed between moraines 
and retreating ice. These lake deposits may contain some small, and gener- 
ally thin, delta deposits, from tributary streams, which cou1d yield small 
supplies of ground water. 


The outwash aprons of the moraine deposits are significant aquifers. 
They are generally wedge-shaped deposits of highly permeable outwash sand 
and gravel, which are thickest at the moraines and thinnest downval1ey. The 
outwash deposits usually rest on till or silt and clay. 


The flow of small streams crossing the outwash aprons is generally sus- 
tained by ground-water discharge from sand and gravel. Recharge to the out- 
wash aprons occurs by direct infiltration of precipitation and a small amount 
of streamflow draining to the deposits from adjacent upland areas. The rate 
of recharge from precipitation is probably similar to that in other parts of 
New York State, about 0.5 mgd per square mile (Heath, 1964). The largest 
moraine and outwash apron is at Clymer and is about 2t square miles in area. 
Thus, the potential yield of the aquifer derived from direct infiltration of 
precipitation is probably slightly greater than I mgd. Recharge to the 
aquifer from a stream crossing the aquifer in the vicinity of Clymer Hill 
could probably supply an additional I mgd. During summer, this stream disap- 
pears into its own streambed near Brownell Road where it begins to cross the 
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outwash apron. Smaller aquifers of this type in the area will have smaller 
yields proportional to their surface areas. 


The log of well 420113N0793757.1, drilled for publ ic supply in Clymer, 
shows sand and gravel between 14 and 104 feet below land surface (table 6). 
The well is screened from 46 to 56 feet (table 4). When pumped at 450 gpm, 
the well had an ll-foot drawdown from a static water level of 1.75 feet 
(rounded to 2 feet in table 4) below land surface. 


Drilled wells and driven or jetted points supply water to numerous in- 
dividual homes surrounding Findley Lake in southwestern Chautauqua County. 
The lake fills a large kettle hole in a moraine. The sand and gravel depos- 
its of the moraine are permeable and yield water readily. High rates of 
withdrawal in the area could induce recharge from Findley Lake. Also, the 
well for the village of Sherman (table 4) yields about 250 gpm from a shal- 
low outwash deposit. 


The aquifers in the area are generally shallow and unconfined and easily 
susceptible to pollution. Cesspool and septic tank effluent can percolate to 
the water table, and other pollutants can be readily carried from the land 
surface to the water table with downward percolation of recharge. 


Aquifers in Great Valley Creek, Little Valley Creek, 
and Fivemile Creek Valleys 


The gla
ial outwash aquifers in Great Valley, Little Valley, and Five- 
mile Creek basins are similar to those in the Ischua Creek and Allegheny 
River valleys. Tongues of the Wisconsin glacier extended southward to about 
0.8 mile south of Elkdale in Little Valley, and to about 1 mile southwest of 
Peth in Great Valley (fig. 5). Terminal moraines accumulated at the ends of 
these ice tongues, and outwash from the moraines was deposited in arms of the 
lake that occupied the Allegheny River valley. This outwash forms highly 
permeable aquifers in the southern parts of the three valleys. 


A lake with a surface altitude of about 1,510 feet above present mean 
sea level briefly occupied the valley north of the moraine in Great Valley 
after the glacier retreated. Sand and gravel deltas were built into the 
southern part of the lake. In the northern part of the valley and north of 
the lake, glacial melt water poured through Devereaux Branch, Beaver Meadows 
Creek, and Elk Creek valleys and deposited sand and gravel (fig. 5). In 
addition, thin sand and gravel beds ranging from 0 to about 40 feet in 
thickness were deposited on lake sediments south of Ellicottville and north 
of the moraine near Peth after the dam (moraine) was cut through and the 
lake drained into the Allegheny River valley. 


The deposits in Little Valley were laid down in much the same manner as 
those in Great Valley, except that there is no indication that a postglacial 
lake filled the valley; and no extensive thickness of silt and clay have been 
found there. Some outwash and alluvial fans of sand and gravel were deposited 
in the main part of the valley when moraines formed at the ice front near 
Linlyco Lake and Five Points, a few miles north of the village of Little 
Valley. . 
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The most instructive hydrologic observation in these valleys is the 
large loss of streamflow from Great Valley Creek. Although the 90-percent 
flow duration for Great Valley Creek is only 0.007 cfs per square mile (about 
1 cfs), nearby gaged streams yield between 0.15 and 0.25 cfs per square mile. 
On the basis of the discharges of the neighboring gaged streams, at least 20 
cfs or about 13 mgd would be expected to discharge from the 147-square mile 
drainage area of Great Valley Creek. Further investigation of Great Valley 
Creek revealed that when there was no flow near the mouth of the stream, 
there was flow upstream and in some of its tributaries. The following dis- 
charge measurements on July 13, 1965, demonstrate the loss of flow in a 
downstream direction: 


Distance in 
mil es Discharge 
above mouth Locat ion (cfs) 
6.8 Great Va 11 ey Creek at Great Va 11 ey 6.90 
4.6 Great Va II ey Creek at Peth 5.76 
3.3 Great Va 11 ey Creek near Peth 4.74 
2.0 Great Va 11 ey Creek near Salamanca 1.9 
.4 Great Va 11 ey Creek at Kill Buck 0 


The loss of flow in Great Valley Creek is due to infiltration of the 
stream to the aquifer of coarse-gravel deposits beneath the streambed. After 
entering the ground, the water percolates through the aquifer and discharges 
into the Allegheny River. A combination of two factors make such stream loss 
possible in the valley. One is the very permeable streambed and water-table 
aquifer beneath the stream. The second is the relatively steep natural gra- 
dient in the aquifer--about 25 feet per mile between Ell icottville and the 
Allegheny River. In comparison, the gradient in the Allegheny River valley 
aquifer between 01ean and Salamanca is only about 2.4 feet per mile, and the 
gradient in Olean Creek valley between Hinsdale and the Allegheny River is 
about 4.6 feet per mile. 


Because there seems to be at least 13 mgd of influent stream water pas- 
sing out of Great Valley as underflow, at least 13 mgd should be available 
as ground water. However, this is not the upper limit of potential ground- 
water yield from the valley. An aquifer area of about 28 mill ion square 
feet, in the lowermost part of the valley (south of the moraine), and a sec- 
ond aquifer area of about 57 mill ion square feet, extending up Great Valley 
from its juncture with Sommervi11e Va11ey, could be dewatered by about 10 
feet for a total yield of a 1 ittle more than 6 mgd over a 200-day period of 
no recharge. Streamflow and infiltration rates during the remaining 165 days 
would be sufficient to allow annual replenishment of the depleted storage. 
The thin water-table aquifer downstream of Sommerville Va11ey and upstream of 
the moraine could also yield some water from storage. Therefore, a total 
ground-water yield in excess of 19 mgd might be deve10ped in Great Valley 
without artificial recharge or streamflow management. 
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The unconsol idated deposits in Little Valley, predominantly sand and 
gravel, indicate that a postglacial lake did not develop there. The poten- 
tial ground-water yield from Little Valley is estimated to be at least 4.5 
mgd. The estimate is based on the flow of Little Valley Creek being about 
0.15 cfs per square mile 90 percent of the time for its 46.4 square miles of 
drainage area and is also based on good hydraulic continuity between stream- 
bed and aquifer for induced recharge. 


The village of Ellicottvi11e taps the Great Valley aquifer with four 
wells whose depths range from 40 to 98 feet below land surface. The wells 
reportedly yield between 170 and 250 gpm each. Nearly all the home-supply 
wells in Great Valley and Little Valley tap the sand and gravel aquifer. 
The public-supply well for the village of Little Valley taps both the 
screened interval from 73 to 92 feet in the sand and gravel aquifer and 
bedrock from 139 to 190 feet below land surface. 


Geology and hydrology of Fivemile Creek valley are similar to that of 
Great Valley and Little Valley. A tongue of glacial ice extended down the 
valley from the north, and a small moraine was deposited in the valley south 
of the ice. The moraine formed a temporary dam where McClure Hollow joins 
the main valley and briefly held a lake in Fivemile Creek valley. North of 
the moraine, alluvial fans of sand, gravel, and silt were deposited by the 
streams discharging onto the valley flat after the lake was drained. South 
of the moraine, glacial melt water deposited sand and gravel outwash. 


Alluvial fan and deltaic aquifers upstream from McClure Holloware in 
good hydraul ic contact with the small tributary streams that cross them. 
However, because the deposits are not in good contact with Fivemile Creek, 
the small ground-water supp1 ies that might be obtained from them are depend- 
ent on recharge from the tributaries. Fivemile Creek is in good hydraulic 
contact with the underlying sand and gravel south of the moraine at McClure 
Hollow. The contact is demonstrated by loss of streamflow that is apparent 
during periods of low streamflow. Similar to Great Valley Creek, Fivemile 
Creek ceases to flow between 10 and 15 percent of the time because of under- 
flow. The flow that is predicted to be equaled or exceeded 90 percent of 
the time from the 37-square-mile drainage area of Fivemile Creek, based on 
the 0.13 cfs per square mile discharge of nearby 01ean Creek, is 3 mgd (4.8 
cfs). This 3 mgd, which becomes underflow, could be utilized by pumping 
from the aquifer. 


Ground water could be withdrawn from storage in the Fivemile Creek valley 
.aquifer over a period of 200 days of 1 ittle or no recharge to augment pump- 
age from induced recharge. An aquifer area of 12.5 mill ion square feet 
could be dewatered 15 feet (a depth equal to half the estimated available 
drawdown). Assuming the storage coefficient of the aquifer to be 0.2, this 
drawdown would yield about 1.5 mgd from storage for 200 days. During the 
remaining 165 days of the year, when the flow of Fivemile Creek is estimated 
to be 12 cfs (7.8 mgd) or more, ample quantities of water would be available 
to recharge the aquifer. At least 4 mgd of ground water (3 mgd from under- 
flow and 1 mgd from storage) could probably be withdrawn from the aquifer in 
the lower part of Fivemile Creek valley. 
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Aquifers in Haskell, Dodge, and Little Genesee Creek Valleys 
./ 


The unconsolidated aquifers in Haskell, Dodge, and Little Genesee Creek 
valleys (east of 0lean) consist of sand and gravel, which were deposited dur- 
ing the melting of glacial ice. A tongue of ice in Haskell Creek valley 
joined glacial ice in the Allegheny River valley at East 01ean. A tongue 
of ice in Dodge Creek valley extended southward to the mouth of the valley 
at Portville, and ice in Little Genesee Creek valley reached downvalley to 
Sanford, about 1 mile upstream from Oswayo Creek valley (fig. 5). The sand 
and gravel deposits in these valleys seem to have good hydraul ic continuity 
with the streams crossing them. Therefore, estimates of potential yields 
from these aquifers should include potential induced infiltration from stream 
water. By the method previously used to estimate potential ground-water 
yields, water from aquifer storage and streamflow available for infiltra- 
tion are roughly estimated to be as follows: 


Water 
ava i lable Water Total 
from stream available ground-water 
i n f i I t rat i on from aquifer available 
Aquifer location (mgd) storage (m g d) (mgd) 
Little Genesee Creek va 11 ey 2.5 4.7 7.2 
Dodge Creek valley 2.3 4. I 6.4 
Haske 11 Creek valley .8 2.9 3.7 


The 7-consecutive day low flow with a recurrence interval of 2 yeaTs 
was used to estimate the minimum flow generally available for infiltration 
because the estimate of flow equaled or exceeded 90 percent of the time is 
not available for these streams and because the flow in this 7-day period is 
usually equal to the flow that is equaled or exceeded 98 percent of the 
time. The estimate of water available from aquifer storage is based on an 
average dewatering of 10 feet. 


There has been little development of large quantities of water from the 
aquifers in these valleys. High-yield wells in these aquifers were drilled 
for the Messer Oil Corporation, near Obi in Dodge Creek valley and between 
Bol ivar and Little Genesee in Little Genesee Creek valley (table 4). The 
village of Bol ivar has two wells that tap a sand and gravel aquifer at depths 
between 100 and 120 feet. In addition, numerous individual rural-home wells 
in these valleys tap the aquifers. Most of the individual domestic-supply 
wells are unscreened open-end casings. 


- 50 - 



Aquifers in Cold Spring Creek Valley 


Before glaciation, Cold Spring Creek was tributary to the ancestral 
Allegheny River near Hatchery Road about I mile south of East Randolph (fig. 
17). At present, the stream follows its original valley to about I mile 
southwest of Napoli, where it leaves the preglacial valley and cuts south- 
eastward through bedrock hills toward Lebanon School. From Lebanon School 
southeast to the Allegheny Reservoir, the stream flows over a permeable out- 
wash apron of Wisconsin terminal moraine (figs. 5, 6, and 17). 


Although surface flow is blocked by glacial deposits in ancestral Cold 
Spring Creek valley, ground water moves southward through the deposits in 
the old valley from Pigeon Valley to Stillson Pond and the New York State 
Fish Hatchery. This underflow shows no respect for surface-drainage divides 
and accounts for the high sustained flows from Stillson Pond, estimated to 
be 5.5 cfs (3.5 mgd) on August 13, 1968, and the East Randolph spring, 
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Figure 17.--Present and preglacial valleys of Cold Spring Creek. 
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flowing at a rate of almost 3 mgd. The New York State Fish Hatchery uses 
about 1,800 gpm (2.6 mgd) from the East 
andolph spring. In addition, the 
East Randolph public water-supply well taps gravel in the spring area. Be- 
cause ground-water discharge is about equal to ground-water recharge in the 
spring area, little more than a total of 3 mgd could be developed from the 
spring area as spring flow and ground-water pumpage combined. 


Cold Spring Creek begins to cross thick, permeable, outwash deposits at 
Lebanon School. Because these deposits are highly permeable, they allow rap- 
id underground drainage to the Allegheny Reservoir, near the former site of 
the hamlet of Cold Spring (fig. 6). Cold Spring Creek loses water to the 
underlying permeable outwash deposits downstream from Lebanon School. The 
stream cuts through stratified fine and very fine sand between Underwood 
Corner Road and Lebanon Road, points A and B, respectively, in figure 17. 
The water table in this area lies fairly deep below land surface. In August 
1967, the water level in a well at point B was 53 feet below land surface. 
On September 21, 1967, there was no flow in Cold Spring Creek at the down- 
stream site (point B), whereas a discharge of 1.23 cfs was measured at the 
upstream site (point A). Large quantities of water may recharge this out- 
wash deposit through the land surface and from the streams that cross it. 
However, the greatest potential recharge of the aquifer 1 ies in water avail- 
able by induced infiltration from the Allegheny Reservoir. 


Ground-water levels near the Allegheny Reservoir can vary appreci,ably 
(more than 37 feet) because the reservoir is designed for a maximum pool al- 
titude of 1,365 feet and a normal pool altitude of 1,328 feet. At greater 
distance from the reservoir, near Steamburg or Lebanon Road at Cold Spring 
Creek for example, ground-water level variations are more likely to depend 
on seasonal variations of recharge. Estimates of the quantity of ground 
water available in this area require more detailed geologic and hydrologic 
data. A ground-water yield in excess of 50 mgd may be feasible if geo- 
.logic and hydrologic conditions are favorable for induced infiltration. 
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CHEMICAL QUALITY OF GROUND WATER 


Precipitation is the source of all ground water in the Allegheny River 
and the Lake Erie basins. Characteristically, precipitation contains only 
minute quantities of dissolved sol ids; the average dissolved-solids content 
of 27 monthly composite samples of precipitation collected in Allegany State 
Park was 7 mg/l (mill igrams per liter). Dissolved gases, primarily sulfur 
dioxide and hydrogen sulfide, are also present in precipitation and make the 
water acidic. The median pH of 26 monthly samples collected at Allegany 
State Park was 4.5 (Frimpter, 1973, table I). 


Acidic precipitation rapidly dissolves mineral matter on contact with 
materials on the ground. As the water percolates downward through the soil 
zone, it dissolves minerals and carbon dioxide gas (C02). The gas is pro- 
duced by bacteria in the soil. The dissolved carbon dioxide gas enables the 
water to remain acidic and to dissolve more solid material, principally cal- 
cium and magnesium minerals. 


Ground water dissolves minerals in proportion to (1) the length of time 
the water and the minerals are in contact, (2) the solubility of the minerals, 
and (3) other factors such as environmental temperature and pressure. The 
mineralogy of an aquifer and of the materials through which the water trav- 
eled to enter the aquifer thus controls the chemical composition of ground 
water to a large extent. The results of 73 chemical ana 1 vses of ground water 
in the study area are given in table 7, and the chemical composition of oil- 
field brine (connate water) is given in table 1. 


Table l.-- Comparison of chemical constituents of brine from 
Bradford Third sand with ocean water 
( Adapted from Fettke, 193 8 , p. 255 ) 


Bradford Third sand 
Constituent (m i 11 i grams pe r 1 iter) 
Calcium (Ca) 13,260 
Magnesium (Mg) 1 ,940 
Sodium (Na) 31 ,950 
Potassium (K) 650 
Carbonate (CO 3) 0 
Bicarbonate (HC03) 0 
Sulfate (S04) 730 
Chloride (Cl) 77,340 
B rom ide ( B r ) 320 
Iodide ( I ) 10 


Ocean water 1 
(milligrams per liter) 


420 


1 ,300 
10,710 
390 
70 


2,700 


19,350 
60 


1 Mean value determined from 77 analyses. 
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Nearly all the bedrock aquifers in the study area are sandstone and 
shale. The glacial deposits contain fragments of these rocks and also con- 
tain limestone and dolostone fragments transported from rock outcrops many 
miles to the north. 


Shale and sandstone formations exposed at land surface on the Lake Erie 
Plain and lying stratigraphically beneath the Shumla Siltstone (Fisher and 
others, 1962) contain iron sulfide (FeS2) as the mineral pyrite (Tesmer, 1963). 
The pH of ground water and surface water can be lowered by a series of chemical 
reactions involving iron pyrite; namely, oxidation of pyrite to ferrous sulfate 
( FeS0 4), oxidation of the ferrous sulfate to ferric sulfate Fe2(S04)3, and 
hydrolysis of the ferric iron (Fe+ 3 ) and the accompanying release of hydrogen 
iron (H+) (Hem, 1959, p. 98). The reactions are represented by equations 1, 
2, and 3: 


FeS2 + H20 + 70+ FeS04 + H2S04 (1) 
Fe2(S04)3
 2Fe+ 3 + 3S04-2 (2) 
Fe+ 3 + 3 H 2 o+ Fe(OH)3 + 3H+ (3) 


Ground water in the Lake Erie Plain (fig. 18), therefore, contains more dis- 
solved solids and commonly contains more sulfate than ground water in the 
remainder of the study area. (See fig. 18, which shows the dissolved- 
sol ids content of ground water in the study area.) 


Connate water from oil-bearing sandstones in the area is the primary 
source of the high concentrations of calcium, sodium, and chloride ions in 
local ground water. The connate water contains about 3t times as much dis- 
solved material as ocean water (table 1). Therefore, just a small amount of 
this brine can render fresh ground water unfit for drinking. The brine has 
been reported in the Bradford First sand (Fettke, 1938, p. 254) and in lower 
permeable sandstones, including the Bradford Third sand. Where these sand- 
stones are within 300 feet of land surface, most of the brine has been 
flushed out by the circulation of ground water recharged by precipitation. 
Therefore, salty ground water is not expected at depths of less than about 
300 feet, except where ground water mixes with brine that was produced along 
with petroleum (Crain, 1969). In the southern part of the study area, wells 
more than 300 feet deep that penetrate the Bradford First sand, or deeper 
permeable sandstones, will most likely yield brine or very salty water. 
Wells tapping bedrock beneath about 300 feet of valley fill in Tunungwant, 
Stillwater, Little Brokenstraw, Brokenstraw, and French Creek valleys and in 
the southern parts of Allegheny River and Conewango Creek valleys will also 
almost certainly yield salty water. 


On the Lake Erie Plain, salty ground water is found at much shallower 
depths than on the Allegheny Plateau. As a result, local well drillers com- 
monly do not drill more than about 50 feet deep because water from greater 
depth is usually too salty fo
 domestic use. Because of this near-surface 
salty ground water and of the low permeabi1 ity of the bedrock, ground water 
of acceptable quality for domestic use on the Lake Erie Plain is in short 
supply. The low permeabil ity of the bedrock aquifer and the aquifer's 
gentle hydraulic gradient probably account for the near-surface connate 
water. Because low permeabil ity and low hydraulic head make flushing of 
the aquifer by precipitation a slow process, connat€ water has been removed 
from only about the uppermost 50 feet of the aquifer. 
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In the areas of present and r'ecent petroleum production, brine produced 
along with the petroleum is or has been discharged into streams, infiltration 
basins, or onto the ground. The brine that enters streams directly or by 
overland runoff leaves the area as surface discharge. However, brine may 
enter the ground along with precipitation as aquifer recharge and at some 
places sufficiently increases calcium, sodium, and chloride contents of 
ground water so that it is unfit for" consumption (Crain, 1969). Areas where 
ground water may be polluted by brine are shown in figure 18. 


A summary of the sources and the significance of the various common dis- 
solved constituents and properties is given in table 2. Additional sources 
of information on water-qual ity characteristics, tolerances, and treatment 
are cited in publications by the U.S. Publ ic Health Service (1962), McKee and 
Wolf (1963), Hem (1959), the Federal Water Pollution Control Administration 
(1967) and Durfor and Becker (1964). 
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GROUND-WATER POLLUTION 


Pollution of ground water may be chemical, biological, thermal, or ra- 
dioactive. Chemical pollution and radioactive pollution are usually the most 
persistent of these and, depending on the particular pollutants, may exist 
for many years. In fact, connate water might be considered a pollutant that 
has lasted hundreds of mill ions of years. Chemical pollution may diminish 
,through dilution, chemical reaction, or adsorption. 


Biological pollution exists where organisms (for example, pathogenic 
bacteria or virus) are present in sufficient quantities to cause the water 
to become harmful to health. Micro-organisms that may 1 ive in water are the 
cause of some forms of infectious hepatitis, dysentery, typhoid fever, and 
other serious diseases. They can be transmitted from one person to another 
through water, and such water can be considered biologically polluted. Water 
polluted with sewage or other organic wastes contains nutrients for the sup- 
port of bacteria, and, until the nutrients are removed or consumed, many 
undesirable micro-organisms can persist. Biological pollutants in ground 
water are usually filtered out as the water moves slowly through the aquifer. 
Generally, the farther that water travels through an aquifer, the greater 
will be the filtering of the water. Therefore, biologically safe water can 
be produced from wells that induce recharge from biologically and organically 
polluted streams if there is sufficient distance between the wells and the 
streams. 


The temperature of ground water at the depths of most water wells is 
about equal to that of the mean annual air temperature of the area. The 
temperature of such ground water averages about 9.5 0 Celsius (about 49 0 
Fahrenheit). Water of this temperature is good for industrial cool ing and 
air-conditioning. However, the recharge of aquifers with heated water from 
cooling systems will raise the ground-water temperature locally. If such re- 
charge is not properly managed locally or if it becomes excessively wide- 
spread, the resulting thermal pollution of ground water can seriously reduce 
the cool ing capacity of the water as has occurred in parts of western Long 
Island, N.Y. (Brashears, 1941). 


Pollution from radioactive sources is not known to occur in the ground 
water of the study area, nor is any significant radioactivity known to occur 
in the area's ground water. The only possible sources of such contamination 
in the area would be the introduction of radioactive materials directly into 
the ground or the entry of precipitation carrying dissolved materials from 
radioactive fallout of nuclear explosions in the atmosphere. Ground water 
is less I ikely to be contaminated from radioactive fallout than surface water. 


In the area studied, the most common form of pollution is chemical. 
Oil-field brine discharged on the ground surface infiltrates directly or 
travels many miles down surface streams to other locations where it can 
enter aquifers. All aquifers in the oil fields are polluted to some extent 
with oil-field brine, but most of them are not highly or permanently pol- 
luted. Most of the brine is discharged to surface streams and flows out of 
the area of production. Because the natural circulation of ground water is 
normally toward streams, very 1 ittle of the brine-polluted stream water pene- 
trates to a great depth and the ground water remains relatively free of the 
brine salts. 
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As may be inferred from the composition of the brine (table 1), the 
most prevalent ions in brine-polluted water are calcium, sodium, and chlo- 
ride. In addition, iron commonly presents a problem in brine-polluted water. 
Relatively small quantities of iron (0.3 mg/l) (U.S. Public Health Service, 
1962) can be a problem for various water uses. 


Petroleum production has virtually ceased in Dodge Creek and Little 
Genesee Creek valleys, and ground water polluted by oil-field brine is not a 
serious problem. Although samples of ground water and surface water show 
higher than normal concentrations of chloride, sodium, and calcium, the con- 
centrations are well below those recommended by the U.S. Public Health Serv- 
ice for pub1 ic water supplies. The ground water in these local ities will be 
diluted eventually, and the excess of these elements will be flushed out of 
the aquifers by the circulation of fresh precipitation. 


The greatest hazard to ground-water supplies from oil-field brine may 
,be infiltration from brine-polluted streams. Wells near the streams may in- 
duce aquifer recharge from the stream and reverse the natural direction of 
ground-water flow. For example, during periods of low flow on the Allegheny 
River near Salamanca, the chloride concentration of the river water sometimes 
exceeds 1,000 mg/1. If only one-quarter of the water produced by a well ad- 
jacent to the river were to come from the river at those times, the recom- 
mended 250 mg/1 maximum concentration of chloride in drinking water (U.S. 
Public Health Service, 1962, p. 7) would be exceeded. 


Petroleum from leaky tanks, pipes, and from accidental spills also per- 
colates from land surface to the water table. Even in very small quantities, 
petroleum imparts an unpleasant taste to water. Because petroleum is lighter 
than and immiscible with water, it floats on top of water in the ground as it 
does elsewhere and easily pollutes shallow wells; however, this type of pollu- 
tion can be avoided by casing the wells through the range of depths at which 
the petroleum lies. Herrick (1949, p. 230-231) gives the following account 
of pollution of an aquifer by petroleum: 


"The loss of oil by seepage is illustrated by a pitcher pump 
oil boom near the refinery at North 01ean in 1922. A man 
drove a pipe down to gravel at 18 feet to get a supply of 
water. When he started to pump the well, he discovered he 
had ' struck oil.' The mixture that the pump brought up was 
more than ?O percent petroleum. Dozens of lot owners drilled 
wells: most of them found oil, and there was much excitement. 
pitcher pumps were worked day and night with all members of 
the family taking a turn: some wells produced as much as five 
barrels of oil a day. The refinery supplied steel drums and 
purchased the oil at current prices - the boom lasted for 
months. As the oil floating on the water in the gravel bed 
gradually diminished and the percentage of water pumped out 
increased beyond the profit point, the boom collapsed." 


The cone of depression about a pumping well forms a collecting basin for 
any 1 iquid floating on the water surface. Therefore, petroleum (or gasoline) 
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would be expected to collect in a pool about a pumping weJl. Such coJJection 
permits removal of potentially dangerous flammable fluids from an aquifer. A 
scavenger well, tapping the aquifer just below the top of the water table in 
the cone of depression and close to the pumping well, could pump out the 
floating fJuid that coJlects in the depression (fig. 19). 


Petroleum, gasol ine, and other f1ammab1e f1uids in near-surface aquifers 
create hazards in basements near the water table because fumes may collect 
and form exp10sive mixtures in these genera1Jy unventilated spaces. A spark 
from an electric-1ight or sump-pump switch may ignite such a mixture and 
cause a dangerous explosion. 


Chemical pol1ution of an aquifer in 01ean occurred near a pit where used 
filtering material was dumped. FulJer's earth had been used to fi1ter a 
metaJ-plating solution containing hexavalent chromium ion (Cr+ 6 ). P.recipita- 
tion leached some of this chromium from the filtering material and carried it 
downward through permeable sand and grave1 to the water table. Some months 
later, this chromium-polluted water appeared in water from a we11 about 450 
feet away. Observation of a change in water color a1erted the user of this 
we11 water to the pollution before it caused serious harm. The ful1er's 
earth was removed from the 10ca1 ity, and the chromium concentration in the 
well wa
er decreased. Similar chromium pollution was studied in detai1 on 
Long Island, N.Y., because of potential contamination of publ ic water sup- 
p1ies (Perlmutter and others, 1963). 


Pollution of aquifers from highway deicing salt has become increasingly 
common. Sa1t and sand stockpiles are usua11y the source of most of this pol- 
lution, but even salt spread on highways has caused some pollution of ground- 
water suppl ies. The salt readily dissolves in water, and the solution per- 
colates through the ground to the aquifer (fig. 20). 


Prevention of ground-water pollution by solub1e sa1ts 1eached from 
stockpiles, dumps, and discharge pits requires p1anning and knowledge of the 
ground-water hydrology of the sites involved. Natural or artificia1 imperme- 
able boundaries between salt Sources and aquifers can prevent transmittal of 
polluting salts to underJying aquifers (fig. 20). Covering the materia1s to 
protect them from the Jeaching action of precipitation can aJso aid in pre- 
venting dissoJution and migration of the salts. 


Shallow water-table aquifers are most susceptible to pollution (fig. 21). 
Pollutants from the land surface may percolate into water stored in aquifers. 
Among the more common po11utants that might enter these aquifers are fertiJ- 
izers, insecticides, and sewage. Analyses of water samples from two wells 
tapping the outwas.h aquifer at Clymer (4201 17N0793746. 1 and 42013 4N0 793840.I, 
table 7) revealed 21 mg/J and 41 mg/I nitrate concentrations. These concen- 
trations indicate pol1ution from the surface. Polluted stream or lake water 
may also enter aquifers that are in hydraul ic contact with them. Artesian 
aquifers are overlain by relatively impermeable materials and are thereby 
naturally protected from pollution except in their recharge areas. 
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Figure 19.--Removal of petroleum from an aquifer 
by use of a scavenger well. 
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GROUND-WATER USE 


Nearly all the rural homes in southwestern New York State rely on 
ground water for dependable supplies of good-qual ity water. Many early homes 
were built near springs, whereas later homes and farms have wells for their 
water supply. Ground.water is less susceptible to variation of quality and 
quantity than surface water, requires little or no treatment, and requires 
very little real estate; consequently, ground water is the most economical 
source for these small domestic supplies. 


Municipal water systems serving the study area produce about 23 mgd. 
Slightly more than 10 mgd of this is ground water (table 3). Almost all 
ground water used in the municipa1 systems is pumped from unconsolidated 
sand and gravel aquifers in valley areas. Large supplies of ground water 
are generally unavailable in the upland areas or in the Lake Erie Plain. 


Table 3.--Municipal use of ground water in the study area 
Mun i c i pa 1 !.Ei. Mill i on gallons per da y 
A II egany 0.35 
Bo I i va r . 10 
Busti . I 0 
Cassadaga . 10 
Cherry Creek .05 
Clymer .03 
Cuba .35 
East Randolph .06 
Ell i co t tv i I I e .50 
Franklinville .20 
Forestv i II e .06 
Hinsdale .05 
Jamestown 6.5 
lakewood .5 
Limestone .03 
Lit tIe Va II ey . 10 
Machias .05 
Ma yv i I I e .25 
Portv i 11 e . 10 
Prendergast Po i n t .01 
Randolph . 12 
Richburg .04 
Salamanca .40 
Sherman .05 
Sin c I a i rv i 11 e .06 
South Dayton . 10 
TOTAL 10.26 


Note: Lakewood serves Busti; Salamanca serves Kill Buck; 
and Jamestown serves Celeron, Ell icott, and Falconer. 
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Production of ground water for industrial use in the Allegheny River 
valley has had an interesting history. Between 1945 and 1956, the Felmont 
Oil Corporation pumped more than 20 billion gallons of ground water from a 
well field near Olean and exported the water to Pennsylvania for use in the 
secondary recovery of petroleum from the Bradford Oil Field. This well field 
produces about 7 mgd for chemical plants in North Olean where an additional 
well field produces another 7 mgd for the same plants. The production of 
these two well fields is about 4 mgd more than all the ground water produced 
for municipal supplies in the study area. 


The Pennzoil Company pumps an unknown large quantity of ground water 
for secondary recovery of petroleum in the Chipmunk Oil Field west of Olean. 
Dairies, factories, and a large cannery in the study area also pump large 
quantities of ground water. Approximately 2.6 mgd of spring water is used 
by the New York State Fish Hatchery near East Randolph. The amount of ground 
water used for irrigation is not known. Of the water used for industrial and 
municipal purposes, virtually all is discharged to streams and lakes within 
the study area; but a fraction of it is released to the atmosphere by evapo- 
ration and transpiration and is thereby permanently consumed. This loss of 
pumped water by evapotranspiration varies seasonally, but average annual re- 
turn flows are estimated to be 10 percent lower than production pumpage. 
Water injected for the secondary recovery of petroleum displaces both brine 
and petroleum on a volume for volume basis. The volume of water that re- 
places the brine and petroleum is virtually consumed because the injected 
water mostly remains in the ground where it mixes with petroleum and brine. 
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CONCLUSIONS AND RECOMMENDATIONS 


Ground water is available in sufficient quantities for industrial and 
publ ic supply in the Allegheny River basin, primarily from unconsol idated 
aquifers in the valleys of the Allegheny Plateau. Lesser amounts of ground 
water, mostly in bedrock, in the uplands of the plateau are usually available 
for individual-home supply. Meager quantities of ground water, generally 
adequate for small domestic suppl ies, are available only from shallow depths 
in bedrock on the Lake Erie Plain. 
The most productive aquifer in the study area is a water-table aquifer 
consisting of sand and gravel in the Allegheny River valley, upstream from 
the Allegheny Reservoir at Salamanca. This aquifer has a potential natural 
yield of more than 220 mgd, although such a large withdrawal would probably 
cause the river to go dry 10 percent of the time in average years and more 
than 10 percent in dry years. Smaller unconsol idated aquifers in both the 
fully and the partially glaciated tributary stream valleys of the Allegheny 
River drainage system can supply water needs for light industrial and publ ic 
suppl ies. 
Ground-water supplies are less adequate and are more expensive to de- 
velop in the western part of the Allegheny River basin than in the eastern 
part because significant aquifers in the western part are generally deep and 
artesian. 


Bedrock aquifers in the, area generally yield small quantities of ground 
water from bedding planes, fractures, and joints. In the upland areas, wells 
tapping bedrock usually yield enough water for home or farm supplies. Only 
on the Lake Erie Plain, and at depth in some valleys, is the bedrock aquifer 
unreliable as a water source. In these locations, water from bedrock is com- 
monly too salty to be acceptable for domestic supply. In the valley areas, 
however, supplies of good-qual ity water can be obtained from unconsol idated 
aquifers. 
Ground-water reserves in the New York part of the Allegheny River basin 
are estimated to be sufficient to supply the probab1e population of the area 
for many decades. The aquifers capable of yielding sufficient quantities of 
water are near the present urban centers and the areas of probable population 
and industrial growth. However, on the Lake Erie Plain, there are no aqui- 
fers capable of sustaining municipal or industrial water suppl ies. 
One of the most significant potential problems associated with the 
area's aquifers is ground-water pollution. Aquifers underl ie villages and 
cities in the area, and the increasing wastes from urban and industrial 
growth are likely to continue to be concentrated over the aquifers. The spa- 
tial relationship of water reservoirs (aquifers) and waste disposa1 poses a 
serious threat of pollution to the water supplies tapping these reservoirs. 
This report is based mainly on geologic and hydrologic data available 
through 1967. As development of the study area proceeds and the need for 
water increases, more detailed subsurface geologic and hydrologic data will 
become available. Future studies, using these additional data, will enable 
refinement of the geohydrologic models and relationships presented in this 
report. Exploratory drill ing and aquifer testing will most likely be re- 
quired for future development of individual suppl ies. The information devel- 
oped from such work is invaluable for continuing water-resources appraisal 
and development plans. Continual collection and central storage geohydro- 
logic data would be advantageous for efficient maintenance of the information 
needed for planning and management of the area's ground-water resources. 
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